In this essay we analyze the diffusion of internet and on-line retailing within the standard framework of diffusion to heterogeneous consumers. We show that many conditions favor the diffusion of internet retailing in the short run, but not in the long run. We argue that the standard framework needs to account for the "nested" diffusion process. That is, the diffusion of on-line retailing depends on the diffusion of many other goods, whose underlying diffusion process is also changing. Understanding these interrelated processes leads towards a richer understanding about the prospects for long term diffusion of on-line retailing.
Introduction
The objectives of this paper are twofold. First, we wish to understand the process of diffusion of on-line retailing by developing a reference model for the emerging industry. Second, we wish to use this model to predict important issues in future on-line retailing. For purposes of this essay the scope of "on-line retailing" will be limited to the sale and purchase of consumers products over the Internet or other commercial network available to the public in the United States. Thus, business to business, Intra-net, and Extra-net purchasing are excluded. So too are other electronic retail technologies such as CD ROM based product catalogs.
In this essay we first analyze the diffusion of on-line retailing and its growth within the standard model of diffusion to heterogeneous consumers, such as it is outlined by Rogers' Diffusion of Innovations (1962) , or recast by Moore (1991) for marketing problems in high-technology. While there are many other diffusion frameworks, most are founded on the presumption that new products diffuse to a set of heterogeneous users over time. Since the interaction of differences among consumers with a developing technology will be a key element of our analysis, we focus on the development of the technology within Roger's classical framework, leaving many obvious extensions to further work.
We will find the standard framework satisfactory in some respects and wanting in others. Much of the dissatisfaction comes from the absence of links between consumer heterogeneity and the sequence of actions required by complementary inventors. To meet this gap, we borrow from recent advances in the understanding of the diffusion of "general purpose technologies" (Bresnahan and Trajtenberg, 1995) . Invention of general purpose technologies, such as computer hardware and software, telephone transmission technologies, or data networks, permits but does not compel invention of valuable uses. The invention associated with customizing the technological frontier to the unique needs of users in particular places is "co-invention." With a general purpose technology like TCP/IP based technology, the economic rate of technical progress depends on the rate of co-invention, not just of invention. This requires time and resources from users and inventors. These activities do not occur only with one type of user, but interact with the sequence of users who adopt innovations.
We argue that a richer view of the diffusion of on-line retailing requires understanding it as a "nested innovation." By "nested" we mean the following: a later innovation is adopted (or not adopted) by a heterogeneous population of users, whose main differences were determined by a previous diffusion episode. This sequence occurs because co-invention takes time and necessarily occurs in sequence. As the conditions that determined the first diffusion pattern change, and as users co-invent in reaction to new opportunities, so too do the conditions that determine the adoption of innovation of interest. Thus, we say the latter episode of diffusion is nested within the factors that determined the first episode. Any sufficiently complex co-invention activity will result in the nesting of some adoption episodes in terms of others. We discuss the conditions in which this nesting influences diffusion and use particular references to on-line retailing as illustration.
More specifically, this paper will argue that despite popular optimism regarding the diffusion of on-line retailing, the industry will only continue to show high levels of growth for the short term, and that major additional innovations in technology will be required for it to achieve mass diffusion. Recent innovations in personal computing and inter-networking influence the diffusion of on-line retailing. This paper will also discuss the ramifications the industry's diffusion will have on the strategies of firms who place products on-line.
Developing a diffusion framework
In Diffusion of Innovations (1962) , Rogers discusses the factors effecting the diffusion rate of an innovation or the "relative speed with which an innovation is adopted by members of a social system", where social system refers to a closed and well-defined set of actors who may or may not react to each others' actions. This paper will review the early diffusion of on-line retail commerce within this framework and discuss its deviations. The framework will center on the perceived attributes, socio-economic factors, and communications structures that effect the technology's adoption. We then discuss the co-invention processes and how the diffusion of on-line retailing is uniquely effected by its close association with other recent innovations.
2a. Rogers' diffusion framework in the context of general purpose technologies
Rogers' framework focuses on understanding factors that lead adopters to adopt innovations at different times or to not adopt them at all. He classifies studies into those that analyze how the perceived attributes of an innovation influence its adoption, and those that study factors such as socio-economic and communication networks. In this framework perceived attributes of an innovation include its relative advantage, complexity, compatibility, trialability, and observability. An innovation's "relative advantage" is among the most important factors effecting the rate of its diffusion. A product that has a strong relative advantage attribute, or a large number of benefits, perceived or actual, over pre-existing technologies creates incentive for rapid adoption. For example, "killer applications" such as word processing and financial spreadsheets created a strong relative advantage for the adoption of computers during the 1980s. The ability for electronic mail and newsgroups to allow for information sharing provided the initial benefits for early institutional users to adopt the Usenet (an early predecessor of the Internet). Similarly, on-line retail technology provides a number of advantages in terms of speed and convenience for consumers. These also have contributed to its diffusion.
Innovation complexity and compatibility also have dramatic effects on rates of diffusion.
Innovations which are less complex or simpler to use have higher rates of adoption. The migration to a graphical user interface (GUI) such as Microsoft Windows for computer operation, using onscreen buttons and icons in lieu of complex text based commands is an example of this shift.
Consumers that can use the innovation within their existing framework and are not required to make many behavioral changes are also more likely to adopt the technology. The Graphical User Interface has enabled users familiar with the GUI concept to make relatively smooth transitions to other software packages incorporating the same standards. The compatibility of commercially available Internet web browsers such as Microsoft Explorer and Netscape Navigator with the GUI standards has allowed for existing computer users to readily adopt on-line technologies and commerce.
If a user is able to sample an innovation, or observe others utilizing it, the innovation is said to have a higher degree of trialability or observability, and is more readily adopted. Observability includes visually viewing peer group members utilizing the product, and also reading about innovations use in popular literature, or observing it through other media such as television.
In practice, observability is difficult to measure, though several general remarks are apt here.
Consumers are more likely to purchase software they have had the opportunity to try, so many software vendors, including on-line service providers, offer a limited amount of free access to their products or networks. Heavy coverage from the mainstream press and other media outlets also helps, but its impact is hard to measure. As one looks across the entire US population, consumers differ in their reference groups, and these references differ by age, occupation, education and race, all of which predict different adoption rates of advanced electronic equipment (Anderson, 1995) .
Since the standard definition for observability is meant to highlight an inherent trait of a the new technology, consumer exposure to those traits occurs through communication with others or commercially motivated vendors. Consumers with access to a larger number of heterogeneous communication channels are more likely to adopt innovations. Here communications channel refers to a set of sources for information about commercial products, such as print media, broadcasting, word of mouth, and so on. Once again, this factor is hard to measure, but several generalizations arise for existing goals. On-line computing fosters a high level of communication through email, industry periodicals, and commercial marketing. In the case of on-line retailing, computer magazines carrying information on developments of on-line retailing and other technologies provide users with opportunities to learn the benefits of the new technology. Yet, emerging empirical research shows differences in consumer use of PCs at home (Kridel, 1997) , in access to Internet service providers (Greenstein, 1997) and in use of such basic functions as email (Andersen et al, 1995) and widely used related skills (Compaine and Weinraub, 1997) . Hence, we expect some users to be especially well-informed, while others not. This will depend on the experiences of the user with PCs, ISPs and so on.
An examination of Rogers' characteristics of innovation diffusion reveal the first basic conjecture: the relative advantage, compatibility, complexity, trialability, and observability of on-line retailing make on-line retailing most apealling to computer enthusiast who had already adopted PC technology. Communication networks and cultural norms of computer users were also factors contributing to the growth of the market. As consumers, computer enthusiast are more likely to be exposed to the benefits of on-line retail technology through these communication networks, and feel comfortable using the computer as a tool for personal commerce. While the PC market has clearly moved beyond sales to only a small group of highly technical users, virtually all surveys show that it has not diffused to more than 40% of US households (Kridel, et al, 1997) , and still a somewhat elite group of adopters.
We elaborate on this argument below, but a few observations will motivate the range of issues. As email and related on-line functions diffuse, the key issue is whether new on-line capabilities, such as retailing, are exposed only to an information elite and or a wider set of different types of users.
Some research on uneven divisions in access to frontier IT foresee a future in which new technologies only diffuse to those with access to and knowledge about computers and e-mail (Andersen, et al, 1995) . In the extreme version of this argument, the diverging trends in access based on income and education are, without large intervention from government entities, placing significant groups of current and next-generation U.S. citizens at a serious disadvantage in access to information. Other research, relying on historical approaches and not necessarily tailored to the present episodes, takes a more sanguine view of the biases associated with commercial processes (e.g., Mueller, 1997) . In this view, commercial markets tend to alleviate most universal-adoptions issues without any government intervention in most important circumstances. In the extreme version of this argument, government intervention is viewed as serving no purpose but the transfer of monetary resources, having little impact on actual investment behavior.
Finally, on-line retailing may be viewed as a specific adaptation of a General Purpose Technologies (GPTs), on-line information technology. GTPs (Bresnahan and Trajtenberg,1995) are defined as capabilities whose adaptation to a variety of circumstances raises the marginal returns to economic activity in each of these circumstances. GPTs tend to involve high fixed costs in invention and low marginal costs in reproduction. Hence, the main determinant of their benefits is the cost of coinvention, the expenses associated with customizing the GPT to many new applications. This latter definition suggests that a GPT must be adapted to its new use --some might say "customized" to each new application --and such adaptation takes time and invention.
A GPT alters the underlying pattern of the delivery of products and services at specific places in specific organizations. If the GPT brings about changes to many parts of the vertical chain of production, then we should expect to see many changes to the organization of the industry -i.e., change to the delivery of services, production, distribution channels, spot contracts for suppliers, supplier/buyer relationships, the leadership in a product category and so on. For this reason alone, we should expect to find differences across users in the response an new opportunity in IT. Different users will be react more or less favorably to the emergence of new types of contracting opportunities and new distribution channels and so on.
In general, invention and co-invention take time. One reason is that invention is a complex and unpredictable activity in its own right. Another, and not necessarily independent reason in the context of new IT, relates to the structure of invention and co-invention. There is an unclear boundary between activity associated with invention and co-invention. The boundary is blurred by many feed-backs between the investments associated with either, by communication between firms doing them, by mobility of personnel between either activities and selective user investment in reaction to new opportunities.
For example, Bresnahan and Greenstein (1997) emphasize the importance of co-invention in explaining their empirical study of the adoption of client/server by former mainframe users in the US. Client/server began to widely diffuse in the 1990s. In many cases, networking applications must be accompanied by complex organizational changes and the entry of third party vendors supplying tools to solve generic problems. These organizational changes are particularly costly when the applications are idiosyncratic to the adopting organization and when markets for software tools are less developed. Similarly, on-line retailing will diffuse faster to the extent that the potential adopter of on line retailing avoids the organizational complexity associated with many network technologies. On-line retailing to the home, in particular, will be faster if it requires only incremental change in the patterns of home computer use and home activity.
2b. Unique factors effecting on-line retail diffusion
The adoption of other relatively new technologies has important influence on the diffusion of online retail technology. Every business model of on-line retailing presumes that individuals who wish to adopt on-line purchasing must first adopt the use of the personal computer and then some form of on-line network through an Internet service provider or a private commercial network (Meeker and Dupuy, 1996) . In this sense, the diffusion of on-line retail commerce depends on the diffusion of the PC and on-line network services. As we argue below, this relationship also provides insights into the demographic characteristics and psychological traits of on-line commerce adopters.
in sequence. This "nested" relationship are not unique to computers. It can be seen in many innovations that are incorporated into preceding technologies. Automobiles, for example, must be adopted before a consumer can adopt an air-bag passenger safety system. However, the nature of the computer industry, as an industry in which co-invention determines the benefits from adoption and strongly shapes adoption behavior, involving a number of relatively new technologies, accentuates the importance of this nested relationship. As noted in standard histories of the on-line industry (Meeker and Dupuy, 1996) , the diffusion of on-line technology to commercial firms (which began to accelerate in 1994), following the development of browser technology , initial wide-spread use of the Internet in academia (1990), its commercialization by NSF (1992-94) and the purchase of PCs for household use (mid-1980s) . As yet, there are still many identified problems which commercial users are trying to solve; delays in solving them are holding up further diffusion (Oberndorf, 1998) .
Furthermore, emerging research characterizes the type of individual and type of region with widespread access to these precedent technologies in the US. Empirical work shows that he is more likely to be male (66% of all users in 1996), younger (one third under 30), upper incomes (median income of $55,000), educated (45% have college degrees), and white collar (47% are "managers of information").
i Rural areas are less likely to be located next to thick labor markets for engineering help, large institutions of higher education, and sophisticated communications links in the public network (Greenstein, 1997, Compaign and Weinrub, 1997) . Some households in some types of communities are especially late adopters --i.e., African-American, the Elderly and residences of rural communities (Andersen, 1995) .
The close relationship between these different electronic technologies provides additional insight into the diffusion pattern of the on-line retailing. The relationship reveals how the demographic background and experiences of current PC and Internet users assisted in the rapid diffusion of online retail purchasing for specific products. If all households in the US are considered potential adopters of a new shopping technology, then the earliest of the technologies related to on-line shopping, the household PC, has yet to be diffused beyond Rogers' "early majority" due to cost issues and a lack of refinement of the technology (Kridel, et al, 1997) . For these "computer users", i For the US population in 1996, these figures are 48%, 22%, $34,000, 21% and 27% (Clemente , 1998). on-line retailing is a continuos innovation, or an innovation which requires small changes in behavior to adopt (Moore 1991) . Therefore, products or retailers who targeted this user demographic, as expected, have seen strong growth in sales and traffic (Financial news, 1998 , Orbendorf, 1998 .
The above logic leads to related speculation about discontinuous innovations. Because on-line retail technology requires the adoption of other related technologies, an early majority consumer
may not yet be prepared with all the requisite capabilities, equipment and experience. One would further conjecture that the diffusion of on-line retailing requires the attraction of different types of consumers who may have less familiarity with technology, different psychological traits and demographic characteristics. For these consumers, on-line retailing is a discontinuous innovation, or one which will require them to make drastic changes in the way they behave (Moore 1991) . To participate in on-line retailing, these new consumers must adopt additional new technologies, and make drastic changes to their shopping patterns. It follows, therefore, that mainstream retailers who cater to broad demographic groups will have difficulties in attracting enough consumers to make their investments profitable. We develop this observation further below.
If the nested hypothesis is right, it provides insight about the relationship between the type of consumers purchasing products on-line and retailer strategies for diffusing the product. It reveals that many retailers may be misdirecting resources by developing complicated sites capable of performing on-line transactions for consumers unlikely to use the technology. Finally, because further diffusion of on-line retailing requires attracting new types of consumers, the factors effecting the success of on-line retail sites will change as these mainstream consumers enter the market. For example, consumer product retailers with strong name recognition may be able to delay entry into the online marketplace until the technology has matured and these success factors have been fully defined.
Diffusion of an emerging industry
The diffusion of on-line retail commerce is closely tied to the developments that led to the rapid growth of the Internet. The Internet, which was first open to commercial venture in 1990, had reached an estimated total volume of on-line retailing of $518 by 1996 (Stipp 1996) . Conservative growth estimates project the industry to reach $6.6 billion in sales by the year 2000. By early 1997, already 15% of computer users reported making purchases on-line. The opportunity for additional growth appears to be tremendous and has instigated a rush of retailers to venture on-line (also see Schmid, 1995 , Clemente, 1998 .
Arthur Andersen's Retail Industry Practice Group described electronic and interactive retailing as "a real threat to traditional retailers" and "...(something that) will change the very nature of shopping" (Scansaroli 1997) . By recent surveys three quarters of Americans see a computer in their work and close to 40% have a PC at home (ITI 1997 , Kridel, 1997 . Almost one in four people over the age of 16 in the United States and Canada used the Internet by March of 1997.
This was a 100% increase over an 18 month period. Nielsen Media Research and CommerceNet also reported that of those, 17 percent were using the multimedia World Wide Web. Translated into real numbers, that means about 50.6 million people in both countries are using the Internet (Chandrasekaran, 1997) . Based on current levels of growth, retailers are developing Web sites to
give them access to millions of potential consumers.
3a. Historical development
The beginning of on-line retail activity on the Internet began with the development of the World Wide Web in 1993. Prior to that, the networks which made up the early Internet were too rudimentary for anything other than email or reviewing text based documents. The development of hyperlinking or browser software at CERN in the early 1990s increased the level of interconnectedness among computers already networked together. The "links" provided Web browsers with a relatively easy method for navigating through the large amounts of information becoming available on-line. By entering information on highlighted words within the text of a document, the viewer was able to link to a related article located on any computer connected to the network. In 1993, student researchers at the University of Illinois modified early browser software by porting it to the Microsoft Windows platform and adding graphical capabilities to the network.
These crucial advances not only allowed the masses to gain access to the Internet (it was previously limited to those using technical UNIX workstations), but also provided commercial retailers with the graphical/linking infrastructure which make up today's on-line catalogs. (See Meeker and Dupuy, 1996 , for a general survey).
Initial on-line purchasers dealt with slow modem response times, difficult to use interfaces, and a questionable security infrastructure, issues which still resonate with some users today (Clemente, 1998 1995), some security issues began to be resolved (the implementation of secured server technology), and access costs began to decrease (competition among Internet Service Providers and the institution of unlimited access pricing which by 1996 had reached an average $20.00/month).
These technical factors along with increased sophistication of Web site design allowed a "less technical" consumers to begin to realize some of the benefits of performing on-line retail transactions. The excitement of the changing demographics lead many retailers to project quick adoption of on-line retailing by the vast majority of Americans within a few short years (Clemente, 1998 , Cronin, 1997 ).
This hype (or panic, depending on one's perspective) motivated many retailiers to take action.
Retailers who saw the opportunity to sell products using the unique aspects of the Internet also began to emerge. Retailers offering difficult to find specialty items and product lines with a large number of individual items first gained visibility. CDNow offered 165,000 CD titles including every jazz album in production in the United States, which customers could receive within 24hrs.
Its site has become so popular, CDNow is now able to make money from advertising as well as (Greenstein, 1996) . By early 1997, a number of merchant software products such as Commerce Direct International's SelfServe and CommerceSoft's StoreMaker began proliferating the market and made it easier for small to medium-sized retailers to expand their Web site services from informational to transaction oriented. Costs for developing an on-line transaction site, which started as low as $500 for a simple text based transaction software, could easily reach six figures for a multi-page graphical catalog. Larger companies were (and are)
investing greater amounts to incorporate the on-line retail interface with existing legacy systems used for inventory control and order entry (Cronin, 1997, Kalakota and Whinston, 1996) .
3b. Growth of market within diffusion framework
To fully understand the rate of diffusion of on-line retailing, an examination is necessary of traditional diffusion characteristics. Important attributes of the technology include its benefits (in this case both to the retailer and consumer), the compatibility of technology or how similar it is to existing processes, the complexity of the on-line purchasing process, the observability or trialability of the technology, and the co-invention associated with easing issues. These attributes reveal the reasons for the relatively rapid rate of diffusion among some computer users and not others.
Relative advantage
The numerous benefits of technology to both retailers and consumers contributed to rapid adoption among computer users. For the retailer; the technology offers entry into an expanding market, access to demographic information and consumer feedback, and image enhancement for a relatively low up front investment. For the consumer, on-line retailing offers access to a large number of products, powerful search capabilities, access to additional merchant services, economic advantages from low cost distributors, and many of the hassle free benefits similar to mail order or television shopping.
The World Wide Web allows vendors to reach a highly desirable demographic market. In general,
Web users are college educated and have high disposable incomes (Scansaroli 1997) . The Web provides access to this market whether the consumer is across the street or across the globe. The demographics of these Web shoppers closely correlates to the demographics of personal computer users.
For a retailer, on-line services are not just a new marketing channel, but they also provide a research and communication channel. By providing email feedback venues and on-line surveys, companies are able to get detailed information on customers at a level never before available. In return, sites such as Magazine Mecca, an on-line seller of magazine subscriptions, enters survey respondents into a contest for prizes. The Internet can also readily become a tool for direct marketing. By accepting email, retailers can get feedback on how to improve their products and services. By sending email, on-line retailers can notify customers about new items that may interest them based on past purchase history.
On-line retail sites can also provide retailers with a number of economic benefits. Web sties can be much cheaper to build than physical retail outlets. Not bound by geography, the Internet allows a new virtual retailer to avoid expensive real estate. CDNow spent $2,500 to build its Web site and expects to have 6 million in sales in 1996 (Scansaroli 1997) . The fact that on-line retail locations are automated applications provides a number of additional economic benefits. Once the infrastructure is set up, an automated system can take orders and provide answers to frequently asked questions around the clock. The technology also provides retailers with the flexibility to modify content quickly. Changes to product catalogs can be performed instantly without having to make additional print runs. Retailers can add items as they become available at relatively no incremental cost. The World Wide Web's multi-media aspects allow the retailer to display their products in a manner unavailable in other mediums. Not only can potential customers see how products look but they can also see how they work or sound through video and audio clips.
CDNow offers customers the ability to download sound bytes from their inventory of albums.
To the consumer, on-line shopping offers access to a vast array of retailers and products beyond what is found in the catalog industry (Oberndorf, 1998) . Specialty food, gift, and clothing merchants from various parts of the world can now be identified through search engines such as
Yahoo!, Excite, and Lycos. A query on "poster retailers" using the Yahoo! search engine returned 578 links, ranging in everything from World War II government propaganda prints to the latest film advertisement posters available from movie studios. A search on the keywords "antiques" and "retailers" using the Excite search engine returned 3,150 links to dealers across the world. Using on-line technology, a consumer can specifically target what they are interested in. The growth of search engine sites and intelligent agents, which provide Web site listings based on your preferences, has helped consumers gain control of the vast amounts of information available. This capability overcomes some of the inefficiencies of home shopping via the television. QVC and HSN generate $2.5 billion worth of business a year (Scansaroli 1997 ), but home shopping over the television requires you to sit through hours of items you don't want to see to get to ones you do.
The Web removes this problem. For example, the Sharper Image on-line catalog lets the user tailor it to contain only products and product types they are interested in.
Consumers also benefit from additional services or economic advantages related to on-line retail sites. The Ragu' pasta sauces site allows users to examine various product recipes and even learn basic Italian phrases. Users of the Sears website can register to have email sent to remind customers of birthdays and anniversaries. The Web was also known very early as a place to find deals and promotions. Many "virtual sites" pass on cost savings related to the low overhead onto the consumer. Examples abound such as The Place for Shoes which sells discounted athletic footwear on-line and the Internet Shopping Network which specializes in discounted computer components. Amazon.com, the Web's largest bookseller, announced in May of 1997 that it will offer customers 40% off the retail price of all titles they readily carry, and 10% off of most titles they special order. Amazon.com has stated that discounting is a part of its long term strategic plan to gain market share (Knecht 1997) . In addition, Amazon offers search tools for frequent users which help facilitate browsing on specialty topics.
Compatibility and Complexity
To computer users, on-line retailing did not require many modifications to existing behavior.
Initial Web users were already connected to public or private networks for access to email, newsgroups, or to reach specific sites for research. For these users, on-line retailers of computer products were a logical extension of early newsgroups sites which listed computer product availability (Meeker and Dupuy, 1996) . buttons. This graphical interface, allowed users to perform on-line purchasing using only basic computer skills.
The development of browser technology and advancements in
An examination of the on-line retail industry's compatibility with previous technologies provides an understanding of why the technology has had strong initial success. Similarities between World
Wide Web browser software and other computer interfaces provided even novice users with a smooth transition to on-line retail sites. A comparison of electronic commerce to traditional retail shopping, however, reveals the limits the technology will face in attempting to reach a "mass market" level of diffusion.
Trialability and Observability
The exciting nature of the technology has led to intense review of the Internet and on-line shopping in the media (Clemente, 1998) . This has allowed most people to read or hear something on how the technology works, or what it is capable of. For consumers already familiar with the Internet, this type of coverage provided the direction needed to find retail sites on-line.
Access to the software and equipment required to experience on-line retailing is one of the barriers to further diffusion. Current technology requires people to gain the skills and acquire the hardware needed to "surf the net". This limitation will retard the diffusion of on-line retailing among those without access to PC equipment. Most students and some professional employees can gain access for free to the Web via their employer's network, however, personal retail transactions are most likely to occur from a computer at home. In addition, the unfamiliarity with the technology and with the process (i.e. providing credit card information on-line) are serious barriers for further diffusion among non-computer users. An open issue is whether business-to-business transactions using electronic means, developments oriented toward replacing EDI and other repeated transactions, will be sufficient experience for consumer on-line purchasing (Cronin, 1997).
Institutional norms and socio-economic factors
The socio-economic factors of PC and Internet adopters closely relate to those expected for adopters of on-line purchasing. Adopters of the PC generally have higher levels of education, and greater access to computers. Personal Computer adopters will generally have a higher degree of disposable income, which, in turn, translates to a greater propensity to purchase goods on-line.
Due to the nature of on-line retailing, it is more likely that the primary adopter will be the middle class. Individuals with lower socio-economic status will have less access to the equipment, while the upper class will generally require more customer service than current technology provides.
This upper-middle class group is also most likely to already have purchased a PC for the home.
This close correlation between the group most likely to already have adopted PCs and the likelihood that they would use on-line purchasing helps explain the technologies initial rapid level of diffusion (Andersen, 1995 , Kridel, 1997 , Obsendorf, 1997 .
The personality values associated with adopters of PC technology also closely relate to the characteristics required for the adoption of on-line retailing technology. Rogers' outlines how adopters of new innovations tends to be less dogmatic and more open to change. While these are difficult personality traits to measure, they tend to coincide with higher education and some types of professional employment, such as "knowledge worker" (Clement, 1998 Similarly, some of the biggest shopping sites are for technical products, such as software and hardware. For example, 41% of all internet users in 1996 had purchased software on line and 18% had purchased hardware.
ii
The communication factors associated with PC and Internet users also directly contributed to the rapid diffusion of on-line retailing. These technological innovators were more likely to be exposed to media containing information on the use of various on-line commercial activities including online retailing. The inter-connectedness of on-line users through email and newsgroups also allowed word of on-line retailing to spread quickly. This exposure increased diffusion of on-line retail technology among groups of consumers already using the Internet.
The role of co-invention
These observations are in keeping with general patterns found in the diffusion of general purpose technologies which required significant co-invention. Co-invention involves a high degree of uncertainty. When a general purpose technology advances, it enables new applications which have no historical precedents. Hence, contemporary users of a new technology find it difficult to imagine or estimate the future elasticity of demand for complementary products arising out of future coinventions. The rest of the population of adopters, who will be using the technology when the prices drop and the capabilities expand, may have different characteristics and needs than the first set of adopters. Co-invention activities may be so unpredictable as to make it difficult to estimate who will be using the technology when the prices drop and the capabilities expand (Bresnahan and Trajtenberg, 1995) .
For example, it is still quite difficult to forecast even the qualitative nature of the demand for cheap, capable, long distance networked computing applications. Forecasters can only look at the earlier experience with cheap computing (e.g., PCs, workstations) and expensive and difficult
ii By comparison, 29% had purchased books, 16% gifts and flowers, 10% travel tickets (Clemente, 1998) .
networked computing (e.g., EDI), but this hardly represents the cost conditions and economic opportunities that future users will face after the deployment of extremely cheap computing capabilities and low-cost high-bandwidth fiber and wireless communications technologies. These deployments will induce (and already have induced to some extent) the entry of thousands of firms who try to solve co-invention issues which had never previously existed (Greenstein, 1997) .
This is more than an observation about forecasting under conditions of extreme uncertainty; it is also a comment about the central role of market behavior in producing that uncertainty as types of users change. Thus, in general, in many of the waves of co-invention which characterize the IT revolution, it is extremely difficult to find a direct relationship between activity by early users and later users . The early users of on-line applications, for example, these were scientists and engineers, primarily in higher education and laboratories. These groups of users did co-invention activity, to be sure, but the set of issues found in an engineering setting differ significantly from those found in a commercial retail setting. The business models in a commercial setting, therefore, differ because they are resolving open issues, such as those associated with security, privacy and easy-of-use for a non-technical user (Meeker and Dupuy, 1998) .
Thus, the type of user who comes to on-line retailing with a set of experiences or skills that does use lessons from previous experience will be best served in the new medium. Users without such skills, experiences or capital investments will be less able to take advantage of the initial adaptation of the technology to the new setting.
3c. Nested innovation effect
Due to this close nested relationship between personal computer, internetworking, and on-line retailing, the characteristics required for adoption of these high-tech innovations are very similar.
The perceived benefits, socio-economic factors, and communication norms of on-line retailing adopters are factors that caused the rapid diffusion of electronic commerce among users of these other technologies. To computer and Internet users, on-line retailing was a continuous innovation, or one in which they could easily adopt without drastic changes in behavior. These same attributes detail how further diffusion of on-line retailing will require major advances in technology for the industry to gain acceptance among users who have yet to adopt these other technical innovations.
Diffusion Insights
Rogers' framework provides an explanation for the rapid diffusion of on-line retailing within the segment of the population that has already had experience with computers. The technology's attributes, personality traits of computer users, and pattern of diffusion of PCs all contributed to initial high rates of adoption of on-line activities. However, in order for on-line retailing to reach mass levels of diffusion across the entire US population, electronic commerce will need to appeal to additional groups of consumers. These consumers, what Rogers' defines as the "early majority", will have requirements which differ from earlier users. Dramatic technical and interactive servicelevel advancements will need to take place before the technology can gain acceptance by this group.
4a. Diffusion consistencies
Rogers' model correctly details how the attributes of on-line retailing allowed for its rapid diffusion among personal computer and internetworking users. The framework also properly defines the demographic background of on-line retail consumers as "innovators" and "early majority" adopters of an innovation in the early stages of diffusion. With their familiarity of personal computers and on-line networks, these early adopters already had the skills sets required for on-line retailing. PC owners were able to gain the economic benefits and efficiencies of electronic commerce without additional investments in hardware. The technology almost fit within the existing software interface framework of early on-line users within only minimal co-invention. The economic and educational background for on-line retail adopters also closely related to the demographics required for PC ownership. Finally, the interconnectedness of Internet and PC users provided a high communication structure for dissemination of information on electronic commerce.
This relationship between the diffusion factors of on-line retailing and the characteristics of early adopters explains the rapid diffusion of the technology and predicts continued diffusion among this group. To reach levels of mass diffusion, on-line retailing will next need gain acceptance among members of the mainstream market. The unique characteristics of this market requires a reexamination of the technology's diffusion.
4b. How the nested relationship will effect diffusion.
technologies has uniquely effected the industries diffusion pattern. In the traditional diffusion model, Rogers outlines how upon reaching a critical mass of early adopters, the diffusion process becomes self sustaining and a rapid diffusion of the technology among the early majority proceeds (Rogers 1962) . In anticipation of such a pattern, many retailers and investors are making significant outlays into the development of on-line transaction oriented sites to serve this mass market (Clemente, 1998) .
We think that this diffusion pattern is easy to misapply to on-line retailing. The demographic characteristics, needs, and psychological make up of "early majority" consumers are very different from those of "earlier adopters". The adoption of on-line retailing for this latter group will require consumers to make significant changes in their behavior to adopt on-line retailing. Despite current optimism regarding the markets growth, it is apparent that on-line retailing will reach a plateau in diffusion until technological advances allow mainstream consumers to adopt the technology.
Current expectations of continued rapid growth of on-line retail purchasing are based on the industry following a traditional diffusion pattern across heterogeneous users with different needs and, therefore, different urgency for experimentation. Those with the urgent needs adopt earliest.
As price declines and performance improves those with less urgent needs then adopt. Upon reaching a critical mass among early adopters, the traditional diffusion of the technology would follow a normal distribution pattern in which rapid growth occurs before leveling off (Rogers 1962 For on-line retailing to be adopted by the mainstream market, the technology will need to meet the different needs of these types of consumers. Geoffrey Moore in Crossing the Chasm (1991) outlines the issue succinctly: "The greatest peril in the development of a high-tech market lies in making the transition form an early market dominated by a few visionary customers to a mainstream market dominated by a large block of customers who are predominantly pragmatists in orientation." In other words, the psychological and demographic make up of these early majority or mainstream users is different from that of earlier adopters. To reach these mainstream consumers, on-line retailing will have to appeal to a different set of characteristics. Innovations cannot gain wide-spread acceptance until they change their products attributes, or cross the chasm, in Moore's terminology, by meeting these new customer requirements.
This new user, what Rogers calls the "early majority", can be characterized by a different set of demographic and psychological, or what Moore (1991) terms "psychographic" characteristics.
Rogers outlines many studies showing how this group is generally more pragmatic, has a higher level of brand sensitivity, and greater concern for supporting infrastructure from the retailers or manufacturers they purchase from. They are more vertically oriented, meaning that they communicate more with others like themselves for information, unlike innovators who will seek out experience on their own. Early majority adopters also tend to have a greater degree of price sensitivity and are often tied to existing infrastructures. For this majority of consumers the personal computer is still an educational, entertainment, or professional tool and not one for performing financial transactions. These characteristics are a sharp contrast from the more experimental risk takers that have adopted the technology up to this point.
The nested relationship between on-line retailing and personal computer adopters adds additional barriers to the diffusion process beyond the psychographic differences among the adopting groups.
Because adopters of PCs and internetworking have already made the equipment and training investments and co-invention activity has focused on their needs, the transition to on-line retailing is a continuous process. The user of a personal computer is just getting additional functionality out of the equipment they already own. In contrast, consumers that do not have computer training, access to equipment within the home, or subscribe to an on-line service provider, will be required to make additional investments and modifications to existing patterns to participate in electronic commerce. Therefore, retailers who are expecting large numbers of these mainstream consumers to clamor for their products on-line will be disappointed.
Under current technological constraints it will be difficult for on-line retailing to expand its adoption base to other demographic segments. This analysis would suggest that the number of online retail consumers should continue to increase rapidly until a significant portion of early adopters with household PCs and access to an on-line networks have tried the technology. As the adoption level begins to saturate these populations, the rate of diffusion will slow. Further diffusion of on-line commerce will require dramatic advances in technology to allow additional consumers to participate. This also suggests that the criteria that has determined the success of existing Web sites will change with the needs of the mainstream market.
This situation is the result of the confluence of three factors. First, different types of consumers adopt PCs at different rates in response to the changes in prices, capabilities over time. Second, coinventors have not yet solved a sufficient set of problems to induce mass adoption across all potential households. Co-invention has only focused on a problem faced by a subset, whose technical expertise and psychological profile reduces co-invention. Third, vendors aspired to diffuse on-line retailing beyond early adopters prior to the full adaptation of the PC to much more than a market of early adopters and early majority. Hence, the co-invention for the early adopter may not contribute much to any further adoption for potential mainstream users, who have not even familiarized themselves with the requisite technical capabilities for standard internet use.
Implications
Despite projections that mainstream consumers will begin to proliferate on the web, this analysis suggests that further diffusion will take place among individuals with similar backgrounds.
Because of this, the demographic characteristics of on-line consumers should continue to be similar and the product types they are purchasing should also remain consistent. In order for on-line retailers to see the returns that are often projected for the industry, mainstream consumers will need to start participating in on-line commerce. To appeal to this "early majority", on-line sites will need to appeal to a different set of characteristics and needs. Additional technological advances and co-invention oriented toward new problems will reduce the barriers to access for these mainstream consumers. Retailers will need to utilize the unique characteristics of the technology to "add value" to the on-line shopping experience. As the market develops, brand names of retailers will become even more important, and those retailers will need to provide a better product-service mix. Companies which gear their on-line sites towards these changes will have the best opportunities for being successful in the future.
5a. Short term implications
The types of individuals who will adopt on-line retailing under the existing technological structure will have many of the same demographic characteristics as existing adopters. Because of technological constraints, users will still be predominantly early innovators. Therefore, socioeconomic demographics such as income levels and educational backgrounds will continue to be similar.
The technological interface will also continue to effect the types of products that can be easily sold on-line. The most successful products will continue to be those which have a high value per order. This group of users tend to place larger orders to minimize the impact of order processing costs. Low cost, low margin goods will remain too costly to deliver. The nature of the technologies lying behind on-line retailing will continue to effect the products sold on-line.
Computer products and components lead all products sold on-line and are expected to continue to do so (Clemente, 1998) . Items with large numbers of standard variations, such as CDs and books, have also proven to be popular with on-line consumers. Due to technological constraints these products must also require minimal amounts of customer service. The lack of current brand loyalty requires that the products have a sizable initial margin to allow for competitive discounting.
Books, music, and wine are all examples of products which have a large number of possible options, but generally do not require the customer to pick them up to examine before purchase.
The large number of variations among these products also takes advantage of Web computer technology for sorting and searching. Fashionable clothing items, automobiles, and other products which often demand a greater level of customer service and product examination, will require technological advances for on-line purchasing to attract mainstream consumers. Lower margin consumer products or items ordered with low frequency such as household goods are also less likely to be purchased on-line. Despite claims that the market will expand to other product areas, existing successful product lines will continue to be the most effective.
5b. Long term industry requirements for further diffusion
To appeal to the psychological and demographic characteristics of mainstream consumers, on-line retailing will need to reach non-computer users, become easier to use, and provide additional services. Currently, most web retail locations are little more than on-line catalogues. Many retailers are pasting new technologies on old paradigms by placing their current product mix on the Web and handling the transactions as high-tech phone orders (Tedlow 1996) . As the technology evolves, the most successful sites will take advantage of the unique characteristics of the World Wide Web. with a modem and only 46 percent subscribed to an on-line service (also see Kridel et al, 1997) .
The costs of the PC, monitor, and modem that provide consumers with access to an on-line network (total expenses of about $2,000) are still major barriers to most of the population. For consumers without a computer in their home, the adoption of on-line commerce will be very unlikely.
For larger numbers of "non-technical" users to adopt on-line retailing, the Web site interface and service configuration must be easier to use. Mainstream customers will not tolerate slow, text based sites. Customers with less understanding of equipment limitations demand fast, graphical, and intuitive interfaces. Improved methods for finding particular product sites will also be required. Although search engine technology is continuously evolving, consumers will require greater advancements to reduce information glut responses. As retail sites develop, instant on-line customer service will need to become available to provide the human interaction missing from the current on-line service paradigm.
On-line retail sites must provide additional benefits to consumers to lure them on line. The Internet will require consumers to learn a new interface and users will need a reason to make that commitment (Cronin, 1997). Thus, value pricing and promotional give-aways will continue to be important tools for drawing customers. However, Web sites will need to begin offering additional sophisticated services, such as interfaces that allow customers to view products in new ways. By making Web sites customizable, retailers can also target individual needs. Retailers must seek ways to add value to the on-line shopping experience to overcome the investments consumers are required to make to participate.
5c. Market ramifications
As the market expands, consumer recognition of retailer brand name will become more significant.
Brand awareness will be more important on-line than in conventional retail situations because
Cyberspace has no storefront. Mainstream consumers will have a justified concern in knowing whom is at the other end of the on-line interface accessing the demographic and credit card information submitted. This will not only be a problem for smaller unknown players but even larger on-line retailers that do not have traditional name recognition.
As mainstream consumers move into the market, they will look for retailers they know despite the fact that other players may already be established. Amazon.com, the popular on-line bookseller, is already slashing prices in response to the entrance of well known retailer Barne's and Noble into the on-line market place (Knecht 1997) . This means that retailers with a strong national or international presence can enter the market late and still be successful. Firms such as Blockbuster Video, Benetton, and Victoria Secret can plan a proper on-line retail strategy and wait to enter the market when the technology becomes more developed. In response, there will be increasing pricing changes in both on-line and retail outlets, as a fraction of consumers have the additional option (Bailey and Brynjolfsson, 1997) .
5d. Changes in progress
To some extent, we can already see changes in technology that may increase the diffusion among mainstream consumers. As of this writing, many technological advances are developing which could give more people access to the World Wide Web, make the Web easier to use, and add value to the on-line shopping experience. These technologies are far from mature and it is very uncertain as to which will succeed, however, the high stakes of the market will promote continued investment.
A number of changes are taking place that could provide consumers with greater access to on-line technology. Prices are continuing to drop on Internet capable equipment. By the Christmas season of 1996, PCs running a version of Intel's Pentium (586) were available for less than a $1,000 U.S.
A number of companies are also introducing web specific terminals that cost much less. Other new technologies like WebTV, which was recently purchased by Microsoft, will allow people to gain access to the on-line environment without the investment in computers. Publicly located Web kiosk are also being developed which will provide more people with access to the Internet (Clement, 1998) .
Developments that will make the Internet easier to use are also on the horizon. Intelligent agents which search the Web for products of interest and can compare prices continue to grow in sophistication. For smaller purchases, electronic cash payments will provide cost effective transaction processing. For example, the Los Angeles Times plans to test an electronic cash payment system for access to its on-line archives. Users would be charged a few electronic cents per page downloaded or viewed. In a recent Chain Store Age interview, Steve Kleve, VP of sales for CyberCash described his view that "Low priced products and services like copies of newspaper articles, graphical images and simple software upgrades that can be delivered more efficiently electronically are the killer applications for the Internet" (Sansaroli 1997). CyberCash's "Wallet Software" secures the transaction from the customer site to the merchant and into the bank using military-strength encryption. Many of these innovations, however, are in there very early stages of development.
Advances that can add value to the consumer's shopping experience are also under development.
Software and hardware providing faster multi-media capability will allow customers to see video clips of products they are interested in. Data compression technology advancements are the key for allowing home users to purchase full length movies or digital music on-line. Site design developments are providing added value by allowing consumers to view products in different ways, such as on models with similar body features or even on a computer generated images of the user themselves.
5e. Summary
The Internet retailing industry shows the classic signs of an industry in the early phase of diffusion.
The technology is generally unrefined, and there are a large number of retailers, distributors, and manufactures attempting to discover a profitable formula for providing on-line services. There is also a large amount of uncertainty in terms of what products will be successful for on-line retailing. Large numbers of firms pursue co-invention activities, adopting general purpose technology for the unique needs of users. Important questions still remain to be answered including the following: What skills will firms need to succeed? Will there ever be enough consumers regularly on-line to justify the number of outlets being developed?
Web page interfaces are consistently being modified, new on-line retailers are trying to establish brand name awareness, and traditional national retailers are trying to develop technical solutions for selling their products on-line. The cost of web site development varies greatly depending on site complexity, but without industry wide standards, which are just developing, costs can be high for even small vendors to have their inventory placed on line and to set up transaction processing.
Yet based on the industry's initial growth rates, and projections, firms are continuing to invest resources for the development of on-line retail interfaces without a clear direction of how this technology will fit into their overall business plan.
The history of the retail catalog industry offers a clue to the future of Internet shopping. In the 1970s the catalog industry received much of the same sensationalism that is showered on Web site retailing today. Like current rudimentary Web sites, setting up a catalog required little capital. A retailer could theoretically only pay for the catalog development cost and then purchase a highly targeted mailing list or use the phone book if necessary to reach consumers. Product could then be drop shipped from the manufacturer. Catalogs even offered much of the same benefits used to describe Internet retailing. People had less time to shop and catalogs allowed consumers to shop on their terms and from anywhere around the world. Successful companies were built (Lillian Vernon, L.L. Bean, Land's End) and retailers with small locations and specialized products were able to sell to customers across the nation and around the world.
In the end, much of the hype on how the catalog industry would change the face of retailing never materialized. The market matured and sales stopped growing. Cost of the catalog business increased, and strong niche players began to dominate market share. Even Sears retrenched and then shut down its operation. And although catalogs account for nearly 50 billion in annual sales, these sales are only 2.5 percent of non-automobile retail sales (Moukheiber 1997).
This humble development signals a need to be cautious in making predictions. We argue that the close relationship between on-line retailing, the personal computer, and the adoption of on-line networking provides further reason to be cautious about the diffusion pattern of on-line retail technology. The relationship reveals how the demographic background and experiences of current PC and Internet users assisted in the rapid diffusion of on-line retail purchasing for specific products. For computer users, on-line retailing required little change in behavior to adopt.
Products or retailers that targeted this user demographics, have seen strong growth in sales.
Because on-line retail technology requires the adoption of other related technologies, significant barriers to diffusion exist for the Mainstream consumer.
Further diffusion of on-line retailing requires the attraction of consumers that have less familiarity with technology, and different psychographic characteristics. To participate in on-line retailing, these new consumers must now adopt additional new technologies, and make changes to their shopping patterns. Mainstream retailers that cater to broad demographic groups will have difficulties in attracting enough consumers to make their investments profitable. Many retailers may also be misdirecting resources by developing complex sites for consumers unlikely to use the technology. Finally, because further diffusion of on-line retailing requires the technology to reach new types of consumers, the factors effecting the success of on-line retail sites will change as these mainstream consumers enter the market. Therefore, consumer product retailers with strong name recognition can delay entry into the online marketplace until the technology of the industry has matured and these success factors have been fully defined.
